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West Valley Mosquito and Vector Control District, 1295 E. Locust St., Ontario, CA 91761, tsu@wvmvcd.org Arboviruses have been an increasing public health burden worldwide (Gould et al. 2017 ). Due to human encroachment into the vector habitat and increased global travel, many arboviruses are spreading from their original endemic areas to the rest of the world (Gould et al. 2017) . Chikungunya, dengue, and Zika viruses (CHIKV, DENV, and ZIKV) have become more widespread and are appearing in novel locations. Chikungunya is an emerging arbovirus, belonging to the family Togaviridae and genus Alphavirus. Chikungunya falls within the Semliki Forest complex of viruses which also contains the Mayaro, O'Nyong Nyong, and Ross River viruses (Powers et al. 2001) . The virus was first isolated during an outbreak in Tanzania in the Makonde Plateau in 1952. During the following 50 years, sporadic outbreaks occurred within Africa and Asia. However, a chikungunya epidemic that occurred in Kenya in 2004 spread throughout the areas around the Indian Ocean (Tsetsarkin et al. 2007 , Thiberville et al. 2013 . Outbreaks have since occurred in more temperate regions of Europe, including France (Grandadam et al. 2011) and Italy (Rezza et al. 2007 ). These recent epidemics were likely due to several factors, including increased travel, the expansion of the vector into new areas, and the adaptation of the virus in proliferating within Aedes albopictus (Tsetsarkin et al. 2007) .
Dengue is an arboviral disease caused by four distinct viral serotypes (DENV-1, DENV-2, DENV-3, and DENV-4) in the family Flaviviridae and genus Flavivirus. These serotypes do not confer cross-immunity, therefore anyone living in dengue endemic areas can be infected with any serotype during their lifetime (Gubler and Clark 1995, Murray et al. 2013) . Infection can result in dangerous complications, including shock and hemorrhagic symptoms, which can result in death (Martina et al. 2009 , Murray et al. 2013 . Dengue has had documented epidemics for over three centuries within the tropical, subtropical, and temperate regions of the world (Gubler and Clark 1995) . The first recorded dengue epidemic was dated back to 1635 in the French West Indies (Howe 1977) . Today, about 2.5 billion people live in countries with risk of dengue, and about 50 million dengue cases occur annually.
Zika virus is another emerging arbovirus, with epidemics occurring in more recent years. Like dengue, the Zika virus is in the family Flaviviridae and genus Flavivirus. It was first isolated from rhesus monkeys in 1947 with infections being recorded in humans in Africa shortly after (Macnamara 1954 ). The first known major outbreak occurred on the island of Yap in the Federated States of Micronesia in 2007 (Duffy et al. 2009 ). This was followed by a larger outbreak in French Polynesia in (Cao-Lormeau et al. 2014 . During this time, Zika virus was linked to increased cases in GuillainBarré syndrome and microcephaly in infants (Calvet et al. 2016) . By 2015, Zika outbreaks had reached the Americas, spreading throughout North and South America (Kindhauser et al. 2016) .
All three of these emerging diseases are vectored by Aedes mosquitoes, primarily Aedes aegypti and Ae. albopictus (Liu et al. 2017 , Guedes et al. 2017 ). Due to changes in climate and globalization, these mosquito vectors and emerging diseases have spread farther than ever before. Concurrent infections of CHIKV, DENV, and ZIKV in humans have been occasionally reported (Villamil-Gómez et al. 2016) . Therefore, it is essential that specific and efficient detection methods for these arboviruses are readily available. Early detection of infection within the mosquito population is vital for prevention of infection spreading to humans. To that end, in this study we evaluated a preloaded RT-qPCR kit designed by Thermo Fisher Scientific Inc., for the simultaneous detection of CHIKV, DENV, and ZIKV in mosquitoes. The kit contains PCR tube strips already preloaded with all reagents in dry format needed for Reverse Transcription -quantitative PCR (RT-qPCR), including primers and probes for CHIKV, DENV, and ZIKV.
Viral RNA lysates (C6/36 tcf + 20% fbs) were obtained from the Diagnostic and Reference Laboratory of the Arbovirus Diseases Branch, Centers for Disease Control, Fort Collins, CO: chikungunya strain: R80422a, dengue virus serotype 1: Hawaii, serotype 2: New Guinea, serotype 3: H-87, serotype 4: H-241 (called DENV1-4 collectively in this paper), and Zika virus strain: H/FP/2013. The viruses were lysed in Qiagen AVL buffer at the CDC before shipping. For the CDZ mix, as the kit does not differentiate between serotypes and all four dengue serotypes are amplified, the four serotypes were combined and then treated as a single dengue lysate. Lysate mixture of DENV1-4 mix was prepared by mixing 20µl lysate of each of the four serotypes. Total lysate mixture was made by mixing the same amount of CHIKV, DENV1-4 mix described previously and ZIKV, namely CDZ mixture. To check for cross-reaction with mosquito products, Aedes aegypti homogenate was added to undiluted lysate in a 1:1 ratio. Eggs of Ae. aegypti obtained from Navy Entomology Center of Excellence, USDA Center for Medical, Agricultural, and Veterinarian Entomology (CMAVE) Detachment (Gainesville, FL) were hatched in our insectary. Larvae were reared to adults, and three to five-dayold females were pooled at 50 per sample. The mosquitoes were homogenized with 800 µl of PBS for 5 min at 3,000 rpm by Tissue Disruptor Genie (Scientific Industries, Bohemia, NY) at room temperature, and then centrifuged for 5 min at 15,000 rpm at 4° C (Eppendorf 5424R Centrifuge, Hamburg, Germany). Mosquito homogenate alone was also processed concurrently as a negative control for RNA extraction.
As our current PCR processing system is optimized for the MagMAX Express 96 machine, RNA was extracted using the MagMAX™-96 Viral RNA Isolation Kit (Thermo Fisher Scientific, Waltham, MA) according to the manufacturer's protocol. Extractions were carried out using 50 µl lysates of CHIKV, DENV 1-4, ZIKV, and CDZ mix. An additional 130µl MagMax lysis buffer was added to the lysate samples and extractions were then done using the MagMAX™-96 Viral RNA Isolation Kit protocol as previously described (Su 2017) and eluted into 50 µl elution buffer. Additionally, a nontemplate control (PBS) was added to the extraction.
The RT-qPCR for detection of the targets was conducted using the TaqMan CDZ (CHIKV/DENV/ZIKV) lyophilized 1-step Triplex Kit (Thermo Fisher Scientific, Inc.), following the manufacturer's instructions. A kit consists of strips of eight tubes containing dry RT-qPCR primers, probes, and other reagents. The oligos were designed based on Yap et al. (2010) for CHIKV, Dumoulin et al. (2008) for DENV1-4, and Pyke et al. (2014) for ZIKV with some modifications to accommodate multiplexing (Personal communication with Thermo Fisher Scientific Inc.). A separate reverse primer and probe were needed for detection of DENV4. The RNA extraction of CHIKV, each of DENV 1-4, individually and ZIKV, and a mixture of all lysates (CDZ mix) were diluted to 10 0 -10 -5 (Table 1 and 2). Initial concentration of CHIKV was 1.98x10 7 pfu/ml, DENV1 was 1.9x10 6 pfu/ml, DENV2 was 1.6x10 7 pfu/ml, DENV3 was 4x10 6 pfu/ml, DENV4 was 7.9x10 5 pfu/ ml, and ZIKV was 3.1x10 7 pfu/ml (Table 1) . Diluted RNA extracted from the various lysates or mosquito homogenate spiked with lysates was added to PCR strips at the volume of 10µl per well. RNAse-free water was added in the amount of 15µl to adjust final volume to 25µl. According to the manufacturer, the total 25 µl can be all RNA sample. We chose 10µl of RNA sample, as that is the amount used for triplex RTqPCR in our existing PCR protocol (Su 2017) . Additionally, to pre-empt possible PCR inhibitor contamination, dilution is advised (Shrader et al. 2012) . A non-template control (NTC, RNAse-free water only) was also added for further validation of PCR process. The triplex kit strips were loaded into the ABI 7500 Fast RT-PCR system (Thermo Fisher Scientific Inc.), where an adaptor, the Precision Plate Holder (Thermo Fisher Scientific Inc.), was needed to facilitate the preloaded strips. The RT-qPCR was conducted using the following protocol: initial reverse transcription was performed at 50° C for 5 min, initial denaturation at 95° C for 2 min, followed by 40 cycles of denaturation at 95° C for 3 s and annealing/extension at 60° C for 30 s (Su 2017) .
For the RNA extraction dilutions ranging from 10 0 to 10 -5 , CHIKV was shown in all dilutions, detectable to 9.90x10 0 estimated equivalent PFUs. All four dengue serotypes were detected to the 10 -4 dilution, where DENV1 was detected to 9.50x10 0 equivalent PFUs. DENV2 was detected to 8.00x10 1 equivalent PFUs, DENV3 was detected to 2.00x10 1 equivalent PFUs, and DENV4 was detected to 3.95x10 0 equivalent PFUs.
ZIKV was detectable to the 10 -5 dilution with the lowest detection amount at 8.00x10 0 equivalent PFUs. All three targets, CHIKV, DENV, and ZIKV, were simultaneously detected in the CDZ mix (Table 3) . The CHIKV and DENV1-4 were detectable to a dilution of 10 -3 , while ZIKV was detectable to 10 -5 (Table 1 and 3) . In both individual targets and CDZ mix, the C t values progressed as a typical standard curve as the dilutions increased (Table 1) . Mosquito samples of Ae. aegypti that were spiked with CHIKV, DENV1-4, and ZIKV individually, as well as with CDZ mix, tested positive for the respective targets (Table 3-4) . Additionally, a CHIKV and DENV4 were spiked in a 1:1 ratio with either mosquito homogenate or PBS. This was to check if any difference in C t between lysate alone and lysate with mosquito homogenate was due to dilution or some inhibitory effect from mosquito materials. CHIKV and DEN4 with mosquito homogenate or PBS produced similar C t values. CHIKV with mosquito homogenate had a C t value of 13.57 and CHIKV with PBS had a C t value of 13.21. DEN4 with mosquito homogenate had a C t value of 20.21 and DEN4 with PBS had a C t value of 20.53. No amplification was detected in all negative controls, including mosquito homogenates without target viral RNA, as well as buffer alone for homogenization or RNAse-free water used in the PCR process. In viral lysates or mosquito homogenates spiked with viral lysates, the C t values for CHIKV, DENV, or ZIKV in CDZ mix were noticeably higher than in CHIKV, DENV1-4 (average of four types), or ZIKV alone (Table 3) .
The TaqMan CDZ Triplex Kit appears to detect any of the three viruses, including each DENV serotype (1-4). A progression was seen between dilutions and C t values for all viral lysates, individually or in combination. However, the difference in C t among dilutions varied, ranging from a two to eight difference in C t between dilutions. Mosquito homogenate was used to check for any cross reaction in the kit to mosquitoes. Amplification was seen for each mosquito spiked lysate. Furthermore, no amplification was seen for mosquito homogenate alone. However, the C t values for the mosquito homogenate-spiked lysates were higher than was seen in the lysates alone. This is likely due to the partial dilution with mosquito homogenate (1:1 ratio of lysate and mosquito homogenate) as seen with the comparison between CHIKV and DEN4 lysate with mosquito homogenate or PBS. However, added biological materials may cause unknown inhibitions in PCR amplification (Schrader et al. 2012) . The higher C t values in CDZ mix as compared with individual targets indicated unknown interaction or competition during simultaneous amplification among various targets, as seen in the triplex of West Nile virus, St. Louis encephalitis, and Western Equine Encephalomyelitis viruses (Su 2017 ). This kit is ready and easy to use as it requires no additional reagents, since all PCR reagents are provided in each tube in dry pellet form. This lowers the risk of incorrect pipetting, inefficient reagent concentrations, and contamination. The dry pellet format also ensures kit stability during storage at room temperature conditions. However, this kit is more expensive than purchasing primers/probes and reagents separately, which may be prohibitive for some laboratories. Additionally, as seen in this paper, there appears to be high , for CHIKV, DENV 1-4, or ZIKV, individually or in combination. variability between dilutions, larger than the expected 3.3 difference seen between ten-fold dilutions. This variability between C t values was sometimes quite high, with a difference in C t of 8.28 between dilutions 10 -2 and 10 -3 in CHIKV. The R 2 was >0.9900 for CHIKV, ZIKV, and DEN2. The DEN3 R 2 was close to 0.9900, at 0.9899 (Figure 1 ). However, due to restricted amount of product, we were only able to do two preliminary tests. Additional product and replicates are needed to conduct more detailed evaluation of the preloaded kit. It should also be noted that this preloaded kit incorporates dyes which are optimized for the use in PCR machines in QuantStudio systems and Applied BioSystems Fast 7500 series. Therefore, this kit may not be at top optimization for labs using other manufacturer's PCR systems. Additionally, the preloaded wells are covered with a lid strip. This lid strip does not allow much space for labelling as the lid has to be clear for optical reading during PCR. Furthermore, there is no clear delineation between one end of the strip to the other, which may cause confusion if the strips are accidentally turned around. This could lead to the misidentification of samples; extra caution needs to be taken to ensure that such an eventuality does not occur. 
